1)
There exists an intrinsic definition of an integral over superfields2): i.e., the functional measure is invariant with respect to all transformations of the superfields which respect the 8 structure. The invariance of the measure has a central role in supersymmetry just similar to the Liouville measure in statistical mechanics.
2) The vacuum energy vanishes in exact globally supersymmetric theories". The vacuum functional (superpartition function) does not need any infinite normalization. B(@) is a universal measure and Z is a well-defined number whose value depends only on the specific theory. In order to give meaning to Z, the functional integral is done in a four-dimensional Euclidean box (side-length ay). Periodic boundary conditions for bosons as well as for fermions maintain the 8 structure (supersymrnetry). Z is invariant with respect to changes of the parameters (up to jump discontinuities) and changes of box size ay3) y 4 ) .
What
The situation is reminiscent of the Lee-Yang theorems) which states that a necessary condition for symmetry breaking is that the partition function be zero. This suggests that Z : 0 is a necessary condition for some symmetry breaking also in this case. The criterion has a meaning only because of supersymmetry and then it is natural that the symmetry which might be broken is supersymmetry.
3) Nicolai mapping6
). In any globally supersymmetric theory, there exists a nonlinear and, generally, non-local mapping, of the bosonic fields cpi + ~~ [q] such that the bosonic part of the action becomes Gaussian with co-variance 1. The Jacobian of the mapping is just the fermionic determinant (actually Pfaffian) obtained from the integration over the fermions. There are changes in the presence of vector fields Interplay between these three features casts new light on some aspects of supersymmetry and reveals new structures. We outline here three applications. If the fermionic determinant has a zero eigenvalue (possible Goldstino mode) for all bosonic configurations, the measure of the image of the mapping is zero.
A is zero and supersymmetry might be broken. On the other hand, by combining arguments from 1) and 2) one can see that A amounts to the number of configurations with zero bosonic action counted with their algebraic multiplicity.
As an interesting by-product of this, one can argue that in supersymmetric pure Yang-Mills theories, the most likely phase is the confining onel) 7) (electric confinement). b) Local Nicolai mapping and stochastic structures. The relevance of Nicolai ma~oinn and of its exolicit construction is now auite obvious. One could also ask
.. -about the physical interpretation, if any, of the Gaussian fields ti. A suggestion comes from the remark by Parisi and sourlas8) that a stochastic approach to quantum scalar field theories is related to a hidden supersymmetry. Here, it will be a matter of reversing this argument, at least in certain cases.
it turns out that in dimensions d : 1 (supersymmetric quantum mechanics) and d : 2 (N = 2 extended supersymmetry) the mapping can be explicitly constructed and it indeed has a stochastic interpretationg)~~~). These mappings are local, in the sense that the original bosonic fields appear with only first order space-time derivatives.
They have the general structure: 
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The a t t r a c t i v e c o n j e c t u r e i s t h a t t h e e x i s t e n c e o f t h e l o c a l mapping, ( i . e . , when t h e dynamics i s governed by s t o c h a s t i c d i f f e r e n t i a l e q u a t i o n s ) "favoursn f i n i t eness. The n e x t c h a l l e n g e l l ) is t h e N = 4 t h e o r y i n d : 4. c ) Supersymmetry on t h e l a t t i c e -. P u t t i n g supersymmetry on t h e l a t t i c e i s s t i l l a n open problem. A t t h e moment t h i s h a s been done i n d = 2 and N = 2 i n d = 4 w i t h Abelian (compact) gauge group14 ) .
For t h e c a s e N = 2 i n d = 2 , i t can be done15) by d i s c r e t i z i n g ( i . e . , u s i n g n e x t neighbour d e r i v a t i v e s , 2 l a Wilson) t h e e x p l i c i t N i c o l a i mapping: no potent i a l l y dangerous term a p p e a r s i n t h e n a i v e continuum l i m i t l 6 ) . The fermionic Lagrangian i s a u t o m a t i c a l l y recovered.
